This research was undertaken to demonstrate, with correlational evidence, that presenting the rod-and-fi'ame test (RFT) with either limited (tachistoscopic) or unlimited (Oltman's, 1968, portable RFT) exposure time does not significantly affect the ranking of subjects. The underlying hypothesiis is that the intersubject variability of performance on the portable RFT is due essentially to differences in sensitivity to the optostatic vection that appears automatically and almost immediately. Results of the tachistoscopic test show that the effect of angular size of the stimulus is similar to that described in the literature for unlimited time situations, and that subjects' ranking is very similar regardless of the exposure time (W = .80). However, although a difference is observed between the means of low and high achievers in beth types of RFT, intraindividual intertask homogeneity (correlation coefficient) is not verified in each of these subgroups. From these results, one can distinguish two processes in the RFT: the first, vections, has to do with the subject's postural orientation and seems to play a great role in organizing interindividual differences. The second process, a more cognitive one, has a less striking effect and has to do with the selection of reference frames in perceptual organization.
10°) also induces the illusion that the body is tilted in the opposite direction (Goodenough, Nowak, Oltman, Cox, & Sigman, 1982; Sigman, Goodenough, & Flannagan, 1978 , 1979 . This optostatic vection is comparable to the optokinetic vections described by C16ment, Jacquin, and Berthoz (1985) , Delorme and Martin (1986) , and Dichgans and Brandt (1978) . This illusion of motion rotates the subjective vertical in the opposite direction (toward the tilted frame or the rotating disk). Rod adjustment errors relative to the upright, therefore, do not appear to be due to the direct influence of the visual field. Instead, they are attributable indirectly to the effect of visual field on posture. The between-subjects differences noted in the RFT (field dependence-independence) can thus result essentially from differences in optostatic vection sensitivity. Subjects who give preference to visual references in visual-postural conflict (field dependent) (see Goodenough, Oltman, & Cox, 1987; Witldn, 1949; Witkin et al., 1954) are more sensitive to the effects of the direction given by the frame than are subjects who favor posturo-gravity references (field independent). These differences can be due to acquired postural equilibrium habits (Ohlmann, 1985 (Ohlmann, , 1987 .
Optostatic vection and optokinetic vection are produced due to specific properties of cells of the vestibular nuclei. It can be assumed that optostatic vection results from automatic subcortical mechanisms and, as such, is not controlled by the subject. Moreover, this roll visual stimula-
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tion can trigger extremely rapid postural readjustments and corollary modifications in the subjective vertical (C16-ment et al., 1985; Mauritz et al., 1977) . Thus, if errors in the RFT are essentially an indication of the degree of sensitivity to vection produced by the frame, the automatic immediate nature of this sensitivity can lead one to expect a stable typology for the tachistoscopic RFT. In other words, what can be expected is a positive correlation between conditions in which the RFT is presented and solved in unlimited time and the tachistoscopic version in which display time is 130 msec and solution time is about 750 msec. The fact that a momentarily tilted frame also can induce a stable rotation of space coordinates corroborates this hypothesis. Di Lorenzo and Rock (1982) asked their observers to put a frame initially tilted at 54°i nto an upright position. Large adjustment errors (7° ) were made in the same direction as that in which the frame initially was tilted. This large error cannot be explained simply by the effect of starting position. The adjustment of the rod never exceeds 1 o without any link with its starting position. The induction of spatial-postural modifications by a rotating disk or by a frame, even if it is not continuously present, suggests that subjective spatial axes are strongly disturbed in the early stages of solving the RFT task. 1 Furthermore, the effects of vections seem to be linked to the importance of peripheral visual stimulations, be it the retinal periphery or the in-depth periphery (Delorme & Martin, 1986; Dichgans & Brandt, 1978) . Similarly, it has been observed that the angular size of the frame is of great importance in conditions such as in the RFT; the extent of the disturbance bears a positive correlation with this angular size (Ebenholtz, 1977; Ebenholtz & Benzschawel, 1977; Ebenholtz & Glaser, 1982; Streibel & Ebenholtz, 1982) . If this sensitivity to optostatic vection plays a great part in the disturbing effects of a tilted frame, one can therefore expect to find an effect involving angular size under tachistoscopic conditions, an effect that is similar to the one observed when display time is not limited.
Thus, the aim of this investigation was to study, in a general and differential perspective, using angular sizes of frames greater than 10°, (1) the extent of individual homogeneity of performances (correlations) between the traditional RFT (Oltman, 1968) and experimental conditions in which the RFT conflict is presented tachistoscopically, and (2) the effect of changing the angular sizes of the frame under only tachistoscopic conditions. Three operational hypotheses were tested: (1) Whether performances in the portable and tachistoscopic RFT conditions would correlate positively; (2)whether under tachistoscopic conditions, the mean deviation relative to the gravitational upright would increase as the angular size of the frame becomes larger; and (3) whether there would be an interaction between the angular size of frame and the degree of dependence. Subjects more prone to relying on the frame's spatial information (those tending toward field dependence) were expected to continue to be dependent even more so because of the frame's striking disturbing effect (see Hypothesis 2; Streibel & Ebenholtz, 1982) .
METHOD Subjects
The experimental population consisted of 36 volunteer fitrst-year students of psychology (28 males, 8 females).
Apparatus
The traditional portable RFF. The portable RFT (Oltman, 1968) s eqmpped with a response device that allows the subject to alter the rod's orientation. The angular size of the frame is 28°.
Tachistoscopic Rl~. The magnitude of the angular size of the stimuli (28° and 50°) and the necessity to avoid all contextual spatml references called for the setting up of a special experimental device. The stimuli were projected onto a circular screen (150 cm in diameter), at the back of which was situated a black concentric cone (60 cm deep) that opened into a space 30 cm in diameter. In the middle of this opening, a notch enabled the subject's head to be held in the orientation desired and in a sufficiently protruding position so as to avoid any "'inhibition of contour," as might be the case because of the cone's circular nature (see Ebenholtz & Utrie, 1982 , 1983 . The stimuli were picture slides of computer-constructed figures. Stimuli with an angular size of 28° were, from a physical standpoint, faithful reproductions of Oltman's (1968) portable RFT stimuli. When the angular size changes, the stimuli preserve a strict homothetia. The picture slides were projected from two machines equipped w~th electromagnetic shutters attached to an electronic control box. The display of the stimuli and the compilation of data were controlled by an Apple II microcomputer.
Design
The between-subjects factor was visual field dependence dependent (FD) versus mdependent (FI). Both modalities were deVermined according to the break in the scores distribution near the median. The repeated factor was type of RFT condition: portable RFI" versus tachistoscopic RFT at 28° versus tachistoscopic RFT at 50°. The dependent variable was the average deviation from the upright, calculated using the unsigned errors in the RFT and the signed ones. P rocedure The experiment. The presentation of the portable RFT was cartied out m the usual way (Oltman, 1968) . However, only l~he four conditions at which the frame is tilted 28° on the left were presented to the subjects) In the RFT tachistoscopic condition, for e~ach angular size of the stimuli, each subject attempted a series of 25 trials repeated four times. During these trials, the rod's orientation changed and its contextual square frame remained tilted at 28° on the left. The rod's orientation went from 17° on the left to 7° on the right with step-by-step changes of 1 ° per change. The stimuli were presented using the constant method.
Testing. The traditional portable RFT was followed about '2 weeks later by tachistoscopic conditions of 28° and 50°. The tachistoscopic conditions were subdivided into two experimental sessions according to the angular s~ze of the stimuli. Each session lasted for about 15 nun, with a Ih-h intersession interval. The order of presentation of sessions was counterbalanced over the intersubjects FD versus FI factor.
Presentation of stimuli and instructions. Presentation of the stimuli on the tachistoscope was carried out in the following '.sequence: 800 msec after a starting signal that informed the subject that he/she was to gaze at the central dot, the stimulus was dis°p layed for 130 msec in the subject's frontoparallel plane. The stimulus was followed immediately by a mask. For each presentation.
the subject was to reply as quickly and as accurately as possible whether or not the rod was upright. To do this, he/she pushed the touch button in his/her left hand if the rod was not upright and the one in his/her right hand if it was. The instructions emphasized the necessity of an accurate reply at the expense of rapidity.
RESULTS 4
To facilitate the presentation of the results, the experimental conditions--portable RFT, tachistoscopic RFT with 28° square frame, and tachistoscopic RFT with 50°s quare frame--are labeled, respectively, RFT.P.28, RFT.T.28, and RFT.T.50.
With the tachistoscopic situation, the signed and unsigned deviations from the upright were calculated by finding the average of the rod orientation values that corresponded to conditions in which the subject judged the rod as upright in 75 % of the cases. This criterion of 75 %, corresponding in reality to three congruent responses out of four, is the minimum required to avoid any haphazard responses. In fact, ',an overall look at the results from the tachistoscopic conditions shows a certain coherence in the responses: whatew;r the level of the subjects' performances, haphazard answers were not very numerous, and the rod orientation 'values for which the subject answered in the affirmative were very close. Table 1 sums up the indices of distribution concerning the mean individual deviations from the upright based on the various RFT conditions for the population as a whole and for each FD and FI group.
Examination of the Individual Intertask Homogeneity
Hypothesis 1 suggested that relative homogeneity would occur in the same subject's performances under the different RFT conditions. This hypothesis is not weakened by the Kendall coefficient of concordance found with the three RFTs (P.28, T.28, T.50): Ws = .80, X 2 = 84, p < .001; wu = .83, X 2 = 87.15, p < .001. A Spearman 0 carried out on the different conditions taken pair by pair reveals some variability in the correlation coefficient 5 since the intrasubject homogeneity is at its highest under tachistoscopic conditions. The analysis of variance (ANOVA) carried out on the factors (type of RFT and FI/FD) shows that they have separate effects [FI/FD: Fs(1,34) = 64.15,p < .001; Fu(1,34) = 68.78, p < .001; type of RFT: Fs(2,68) = 3.04, p = .054; Fu(2,68) = 3.06, p = .053] and that there is an interaction [F~(2,68) = 7.56, p = .0011; Fu(2,68) = 9.49, p < .001]. With the intersubjects FI/FD factor, the variance analysis, on the whole, falls in line with Hypothesis 1. The intergroup differences are maintained in the tachistoscopic conditions, a fact that fits in with the homogeneity across conditions, as reported in the previous analysis. However, the presence of an interaction between the RFT factor and FI/FD factor leads us to believe that individual homogeneity across conditions is modified by intergroup differences. The correlational intragroup analysis (Kendall coefficient of concordance calculated for each modality of the FI/FD factor) verifies this point. The null hypothesis is rejected with a probability varying from p < .01 to p < .10 [RFT (P.28, T.28, T.50): FI, W~ = .59, N = 17, X~ = 28, p < .05; W~ = .71, N = 16, X~ = 32, p < .01; for FD, W~ = .54, N = 19, X~ = 29, p < .05; W~ = .48, N = 20, X~ = 27.4, p < . 10]. By using Spearman's 0 correlations between the devices taken two by two, these coefficients of concordance can be decomposed (see Table 2 ).
The correlational analysis carried out on the basis of the FI/FD factor restricts the isomorphism of the individual positions observed throughout the experimental population across the different RFT conditions, and sustains the corroboration of Hypothesis 1 which ensues from the general correlational analysis. In fact, in both FD and FI subjects, there is no link between the portable RFT and both tachistoscopic RFTs. This absence of correlation cannot be attributed to the lack of fidelity of the tachistoscopic devices since they are correlated. On the other hand, the fidelity of the portable RFT has been well established. The principal difference between the portable and the tachistoscopic RFT conditions lies in the ex- 99 20 Note--RFT.P.28 = portable rod-and-frame test (RFT) with 28° square frame. RFT.T.28 = tachistoscopic RFT with 28° square frame. RFT.T.50 = tachistoscopic RFT with 50° square frame. FI = field-independent perceptual style. FD = field-dependent perceptual style. . Table 1 ). In the RFT.T.28 condition, an improvement in the FD subjects' performances was observed; for subjects tending toward FI, a deterioration was observed, flowever, the analytical intragroup comparisons (simple effects) indicate that this variation of results is significant only in the case of subjects tending toward FD [F~(1,34) = 17.l,p < .001;Fu(1,34) = 20.99,p < .001]. Inaccepting that the essential factor in differentiating the RFT.P.28 and RFT.T.28 is time exposure (unlimited vs. limited to 130 msec), 6 we think that this form of interaction might be interesting for the comprehension of the processes involved in solving the RFT conflict.
The fact that the correlation between the portable and tachistoscopic conditions observed in the overall population disappears in each perceptual style, added to the fact that FD subjects perform better under tachistoscopic conditions, permits the assumption that a secondary visual process is used in the portable RFT. This process is independent of the automatic process common to all RFT conditions (optostatic vections) and has a temporal feature. It most likely involves focal vision relative to the visual-postural relationship between rod and frame. This process is termed "secondary"; although it can modify the intrastyle hierarchy and the averages in each group, it does not appear to be effective enough to reorganize the interindividual hierarchy as a whole (see above correlational analysis of the overall experimental population). One might say that this process has to do with the possibility of a foveal exploration of the contextual frame; in other words, it is linked to ocular movements. Insofar as FI subjects favor postural references (for reasons still to be explained) in order to solve the RFT, the display time affects their performance only slightly, except when too short an exposure time lessens the precision of capturing information about the target. The same does not hold in the case of FD subjects, who supposedly opt for visual information in a visual-postural conflict. It can be assumed that the FD subjects' primary sensitivity to contextual visual references (experimental condition permitting) leads them to carry out a foveal exploration of the disturbing frame. The drop in their performance is thus an indication of their usage of this extra information. It must be noted that the testing of this hypothesis began with the study of the subjects' eye strategies in the portable RFT. Results show that ocular movements are not haphazard, but are linked with FI and FD styles: the percentages .of target fixations vary from 7 % in most F1 subjects to 20 % in most FD subjects (Cian & Ohlmann, 1987) .
Interaction Between the Angular Size of the Frame in Tachistoscopic RFT and FI/FD
To test Hypotheses 2 and 3, which are based on the role of the change in angular sizes under tachistoscopic conditions, notably in interaction with the FI/FD factor, we carried out an ANOVA based on the factors angular size of the tachistoscopic RFT frames (28° vs. 50°) and perceptual style (FI vs. FD However, interaction between both factors in Hypothesis 3 is significant only at p < . 10 [Fs(1,34) = 3.01, p = .09; Fu(1,34) = 3.3, p = .078]. Nevertheless, because the angular size factor has a similar influence on the raw data of FD and FI subjects, the statistical emergence of such an interaction is difficult. In fact, the analytical intragroup comparisons (simple effects) indicate that subjects who tend toward FD commit more errors as tbe angular size of the frame increases [F~(1,34) = 8.32, p = .007; Fu(l,34) = 8.11, p < .007], whereas those who tend toward FI are shown statistically to be unaffected by this factor [F(1,34) < 1]. This pattern of results is similar to that obtained by Streibel and Ebenholtz (1982) . In their experiment, the display time was not limited and the angular size variation across conditions was larger, with a size ratio of 1:4.5 as opposed to one of 1 '78 in the present experiment.
DISCUSSION
The aim of this experiment was to point out that, in solving vision-posture conflicts such as those found ~tn the RFT, a tachistoscopic presentation of stimuli would hardly affect the perceptual behavior of adult subjects, that is, their ability to turn a rod upright within a disturbing visual field context. The general analysis does not invalidate this hypothesis: it has been observed, from tachistoscopic presentations, that the angular size of frame factor has an effect similar to that described in the literature on unlimited time presentation and that there is a ranking of subjects that is statistically very close regardless of the exposure time.
These results (obtained by using an exposure time of 130 msec and a mean response time of about 750 msec) are compatible with the idea that the RFT can be solved mainly by neurosensory (subcortical) processes (Ebenholtz, 1985a, 1985b); moreover, it can be assumed that these noncognitive, and automatic processes are comparable to those involved in optic vections. However, these results do not fall in line with any account for the RFT error, which might be based on normalization mechanisms (in terms of a time adaptation phenomenon) as was proposed fairly explicitly by Di Lorenzo and Rock (1982) and Rock (1983) in their righting effect theory. According to these authors, when the angular size of the frame is sufficient ( > 10°), the RFT error results from an underestimation of the frame's tilt owing to "the tendency on the part of the visual system to accept a tilted frame of reference as uptight or as less tilted phenomenally than it is objectively" (Di Lorenzo & Rock, 1982, p. 537). Even if the processing nature of this tendency (overconstancy of initial reaction vs. normalization) has not been precisely dealt with in this theoretical formulation, on an operational level, a normalization procedure was used for testing this hypothesis: each time, before returning the frame (alone) to the upright position (the rod too but in a tilted frame), the subject was shown the tilted frame for a period of 4 min. The close link between performances carried out within a limited or an unlimited time casts doubt on any explanation based on time adaptation as to why there is a mistaken judgment of the upright.
The stability in the intersubject differences throughout all the devices emphasizes the importance of an automatic, primary process, whereas the absence of any intrastyle correlation and the improvement in the FD subjects' performances under 'tachistoscopic conditions point to the existence of a more cogmitive secondary process. This secondary process is limdted to the portable RFT, which denotes the former's temporal characteristic. This process might involve the foveal exploration of visual references in controlling the orientation of the rod. With a tachistoscopic presentation, the impossibility of carrying out eye movements curbs FD subjects' usage of the visual references from the frame and, as such, allows them to perform better.
Thus, at least two distinct processes intervene in solving the RFT. The first, vections, has to do with the subjects' postural orientation and plays a large role in organizing intersubject differences. The second process, a more cognitive one with a less striking effect, involves the orientation of the rod relative to the visual and postural orientations available. It possibly has more to do with selection of reference frames in perceptual organization (see Humphreys, 1983; Marendaz, 1987; Palmer, 1983) . The effects of these independent processes may be combined additively.
